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APPARATUS OF IMPEDANCE MATCHING 
FOR OUTPUT DRIVER AND METHOD 

THEREOF 

FIELD OF THE INVENTION 

The present invention relates to impedance matching, and 
more particularly to an apparatus of impedance matching. 

BACKGROUND OF THE INVENTION 

In a data transmission system, the quality of transmitting 
and receiving data Will be affected by an impedance match 
ing, particularly for the increasingly faster speed of data 
transmissions. 

Referring to FIG. 1 for a schematic circuit diagram of 
performing an impedance matching in accordance With a 
prior art, an external resistor is used for impedance matching, 
and the conventional method is simple, easy and direct, but it 
still has the folloWing drawbacks: 
(l) The conventional method requires external cascade resis 

tors and incurs a higher system cost. 
(2) Since the impedance seen by the re?ection Waves is the 
sum of the internal output driver impedance and the imped 
ance of external cascade resistors, and the internal output 
driver impedance varies With an environment factor of a 
chip such as at least one of manufacture process, opera 
tional voltage, and temperature (P.V.T.), the conventional 
method cannot be used to achieve a better impedance 
matching. 
Referring to FIG. 2 for a schematic circuit diagram of 

performing impedance matching by a self-calibrated resistor 
matrix in a chip in accordance With a prior art, the resistor 
matrix is adopted in the chip, and the self-calibration mecha 
nism is adopted for the impedance matching. This conven 
tional method integrates the resistor matrix into the chip to 
loWer the system cost, Wherein the resistor matrix is com 
prised of a plurality of resistors and a plurality of sWitches, but 
its draWback resides on that the resistor matrix used in the 
chip occupies a larger area and incurs a higher die cost. 

SUMMARY OF THE INVENTION 

Therefore, a primary object of the present invention is to 
provide an impedance matching circuit to solve the aforemen 
tioned problem. 

To achieve the foregoing object, the present invention pro 
vides an output driver located in a chip, for outputting an 
output signal, and the output driver comprises: an output data 
generator, for generating an output data signal; an output 
stage, electrically coupled to the output data generator, for 
generating the output signal according to the output data 
signal, and receiving a ?rst control signal to adjust an imped 
ance of the output stage; an impedance unit, electrically 
coupled to the output stage, for receiving a second control 
signal to adjust an impedance of the impedance unit; and a 
calibration circuit, electrically coupled to the output stage and 
the impedance unit, for outputting the ?rst control signal and 
the second control signal to respectively control the output 
stage and the impedance unit such that a sum of impedances 
of the output stage and the impedance unit is adjusted to 
compensate an environment factor of the chip. 
A second object of present invention is to provide another 

output driver for outputting an output signal, and the output 
driver comprises: an output data generator, for generating an 
output data signal; an output stage, electrically coupled to the 
output data generator, for generating the output signal accord 
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2 
ing to the output data signal, and receiving a control signal to 
adjust an impedance of the output stage; an impedance unit, 
electrically coupled to the output stage, for receiving the 
control signal to adjust an impedance of the impedance unit; 
and a calibration circuit, electrically coupled to the output 
stage and the impedance unit, for outputting the control signal 
to adjust the impedances of the output stage and the imped 
ance unit. A sum of the impedances of the output stage and the 
impedance unit is adjusted according to the control signal to 
achieve a predetermined impedance. 
A third object of the present invention is to provide a 

method for impedance matching, and the method comprises: 
generating a control signal by a calibration circuit according 
to a resistance of a reference resistor; receiving an output data 
signal; adjusting impedances of an output stage and an 
impedance unit according to the control signal such that the 
impedances of the output stage and the impedance unit cor 
respond to the resistance of the reference resistor; generating 
an output signal according to the output data signal by the 
output stage; and outputting the output signal through the 
impedance unit. 

To make it easier for our examiner to understand the obj ec 
tive of the invention, its structure, innovative features, and 
performance, We use a preferred embodiment together With 
the attached draWings for the detailed description of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly 
pointed out and distinctly claimed in the concluding portion 
of the speci?cation. The invention, both as to device and 
method of operation, together With features and advantages 
thereof may best be understood by reference to the folloWing 
detailed description With the accompanying draWings in 
Which: 

FIG. 1 is a schematic circuit diagram of the structure of an 
external resistor performing an impedance matching in accor 
dance With a prior art; 

FIG. 2 is a schematic circuit diagram of the structure of 
another external resistor performing an impedance matching 
in accordance With a prior art; 

FIG. 3 is a schematic circuit diagram of an impedance 
matching apparatus in accordance With the present invention; 
and 

FIG. 4 is a schematic circuit diagram of the structure of a 
calibration circuit of an impedance matching apparatus in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to an impedance matching 
apparatus. While the speci?cations describe at least one 
embodiment of the invention considered best modes of prac 
ticing the invention, it should be understood that the invention 
can be implemented in many Ways and is not limited to the 
particular examples described beloW or to the particular man 
ner in Which any features of such examples are implemented. 

Referring to FIG. 3 for a schematic circuit diagram of an 
impedance matching apparatus in accordance With a pre 
ferred embodiment of the present invention, the impedance 
matching apparatus 300 comprises: a pre-driver 301, an out 
put driver stage 303, an impedance unit 305, and a calibration 
circuit 307. In an application With a loW amplitude output 
(such as 0.7V) as illustrated in this embodiment, the output 
driver stage 303 adopts a structure of cascade N-type metal 
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oxide semiconductor (NMOS) transistors 310, 311 and the 
impedance unit 305 adopts a plurality of NMOS transistors 
connected in parallel. It is noteworthy to point out that the 
NMOS transistors are used for illustration only and not 
intended to limit the scope of the invention. 

In a preferred embodiment, the pre-driver 301 adopts a 
high voltage HV (such as 3.3V), and the output of the pre 
driver 301 is used as a gate voltage of the NMOS transistor 
310, 311 in the output driver stage 303, and a drain of the 
NMOS transistor 310 of the output driver stage 303 is con 
nected to a loW voltage LV (such as 0.7V). The loW voltage LV 
is used to set the amplitude of an output signal of an output 
end PAD and supplied by the external poWer source or pro 
duced by a voltage regulator circuit (not shoWn in the ?gure) 
in the chip. The calibration circuit 307 includes tWo groups of 
control signals D[M-l :0] and C[N- l :0], Wherein D[M-l :0] is 
used for controlling the output of an impedance at the NMOS 
transistor 310 of the output driver stage 303, and C[N-l:0] is 
used for controlling the impedance of an adjustable imped 
ance unit 305 (such as a plurality of NMOS transistors con 
nected in parallel) Which is coupled betWeen the output driver 
stage 303 and the output end PAD. In an embodiment, the 
output driver stage 303 further includes a plurality of logic 
elements (such as AND gates), for receiving control signals 
D[M-l :0] to control the number of electrically connected 
NMOS transistors 310 and NMOS transistors 311 and adjust 
the impedance of the output driver stage 303. 

Referring to FIG. 4 for a schematic circuit diagram of the 
structure of a calibration circuit of an impedance matching 
apparatus in accordance With the present invention, the cali 
bration circuit 307 comprises: a control logic 401, a compara 
tor 403, a current source 405, a calibrating resistor unit 406, 
and a resistor 409. The calibrating resistor unit 406 is used for 
tracking a change of impedance of the output driver stage 303 
or the impedance unit 305, or both. In other Words, the cali 
brating resistor unit 406 is made With the same material by the 
same process of the output driver stage 303 or the impedance 
unit 305 or both. The resistor 409 is a component not easily 
affected by process, voltage and temperature (P.V.T.) and can 
be an external resistor installed outside the chip. In an 
embodiment, the transistor 402 of the calibrating resistor unit 
406 is very similar to the NMOS transistor 310 of the output 
driver stage 303, and the total resistance is controlled by 
D[M-l :0]. The transistor 407 of the calibrating resistor unit 
406 is very similar to the transistor of the impedance unit 305, 
and the total resistance is controlled by C[N-l :0]. In an 
embodiment, the control logic 401 comprises a up/doWn 
counter for receiving the output of the comparator 403 and 
increasing or decreasing the ?rst control signal D[M-l ,0] and 
the second control signal C[N-l ,0] according to the output of 
the comparator 403. 

The folloWing is derived from the principle of an embodi 
ment according to the present invention: 

The current source 405 generates currents IBN and IBR 
separately With a speci?c ratio such as: 

IBRIMXIBN Equation (1) 

The calibrating resistor unit 406 includes a plurality of 
NMOS transistors 402 and a plurality of NMOS transistors 
407. 

It is assumed that the resistor Rmirror (Sum of cascade 
resistors of NMOS transistors 402 and NMOS transistors 
407) of the calibrating resistor unit 406 is equal to the sum of 
resistance of the NMOS transistor 310 of the output driver 
stage 303 and the impedance unit (NMOS transistor) 305 
multiplied by N. 
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4 
RmirrOrINX (Rn l+Rn2) 

Where, Rml-Wor is the sum of cascade resistors of mirror 
NMOS 402, 407, and Rnl is the impedance of the NMOS 
transistor 310 of the output driver stage 303, and Rn2 is the 
impedance of the impedance unit (N MOS transistor) 305. 
The current IBN of the current source 405 ?oWs into the 

calibrating resistor unit 406, and the produced voltage is 
given beloW: 

Equation (2) 

VIN :IBN x (Rm M0,) :IBNxNx (Rn 1+Rn2) Equation (3) 

Another current IBR of the current source 405 ?oWs into an 
external resistor R_ext 409, and the produced voltage is given 
beloW: 

VIPIIBRxRfext Equation (4) 

The inputs of the comparator 403 are VIN and VIP, and a 
compare result is outputted and sent to the digital control 
circuit 401. The digital control circuit 401 adjusts the output 
signals C[N-l :0] and D[M-l :0] by a negative feedback 
according to the compare result. In the meantime, the output 
signal C[N-l :0] adjusts the impedance of the NMOS transis 
tor 407 and the impedance of the NMOS transistor 305. The 
output signal D[M-l :0] adjusts the impedance of the mirror 
NMOS transistor 402 and the impedance of the NMOS tran 
sistor 310 of the output driver stage 303 to maintain a ratio of 
their impedances to N. 

After several times of comparisons, VIN gradually 
approaches VIP, and ?nally VIN and VIP are substantially 
equal (its deviation depends on the minimum resolution of the 
resistor of the NMOS transistor). 

IBNXRmZ-WWIIBNXNXUQn1+Rn2):IBRXRi6Xt Equation (5) 

Equations (1) and (5) are combined to obtain 

(Rnl+R,,2):M/N><Riext Equation (7) 

Since R_ext 409 is an external resistor Which Will not be 
affected by P.V.T, therefore the sum of impedances of R” 1 and 
Rn2 Will not be related to P.V.T. 

The effect of process, voltage and temperature (P.V.T.) on 
the impedance of the output driver stage 303 or the impedance 
unit 305 or both can be overcome by comparing the voltages 
outputted by the calibrating resistor unit 406 and the resistor 
409 by the calibration circuit 307 to output C[N-l :0] and 
D[M-l :0] to adjust the output driver stage 303, or the imped 
ance unit 305 or both. In a 10 preferred embodiment, the sum 
of impedances of the transistor 402 and cascade transistors 
407 is compared With the resistor 409, and the control circuit 
401 adjusts the impedances of the output driver stage 303 and 
the impedance unit 3 05, such that the sum of cascade resistors 
corresponds to the impedance of the resistor 409 to compen 
sate the effect of P.V.T. on the impedance. 

In a preferred embodiment, the value of a gate voltage (V g) 
of the transistor 310 and cascade transistors 305 is higher than 
the value of their source voltage (Vs) such as Vs:0.7 V, 
Vg:3.3 V, and the maximum value of a drain voltage of these 
transistors is the amplitude of the output signal (such as 
0.7V), and thus the condition Vds<Vgs can be satis?ed, and 
both can be operated in a linear region. By adjusting the 
dimensions (i.e., aspect ratio) of the transistor, a smaller area 
can be achieved for a matching resistor of 50 ohms. Since the 
amplitude of the output signal is smaller (that is, a change of 
source voltage at the NMOS transistor 310 and the NMOS 
transistor 305 is small), therefore the change of a gate-source 
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voltage difference (V gs) of the transistors 310, 305 is also 
small, and the change of impedance of the transistors 3 10, 3 05 
Will be negligible. 

In summation of the description above, an application With 
loW amplitude of an output signal (such as 0.7 V, LVDS (LoW 
Voltage Differential Signaling) or RSDS (Reduced SWing 
Differential Signaling) standard) ) can adopt a small change 
of output impedance of the transistors 310, 305 and the fea 
ture of occupying a small area for a better impedance match 
ing. By adjusting the impedance of the output driver stage 3 03 
or the impedance unit 305 or both made by the calibration 
circuit 307, the overall output impedance of the circuit Will be 
equal to the impedance of a transmission line outside the chip, 
so as to achieve the impedance matching. 

While the invention has been described by Way of example 
and in terms of a preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modi?cations and similar arrange 
ments and procedures, and the scope of the appended claims 
therefore should be accorded the broadest interpretation so as 
to encompass all such modi?cations and similar arrange 
ments and procedures. 
What is claimed is: 
1. An output driver, located in a chip, having an output end 

for outputting an output signal comprising: 
an output data generator, for generating an output data 

signal; 
an output stage, having a plurality of logic elements and a 

cascade of MOS transistors that are electrically coupled 
to the output data generator, for generating the output 
signal according to the output data signal, and receiving 
a ?rst control signal to adjust an impedance of the output 
stage; 

an impedance unit, electrically coupled betWeen the output 
stage and the output end and having a plurality of MOS 
transistors connected in parallel, for receiving a second 
control signal to adjust an impedance of the impedance 
unit; and 

a calibration circuit, electrically coupled to the output stage 
and the impedance unit, the calibration circuit having 
tWo groups of control signals, Wherein the ?rst group of 
control signals are electrically connected to the logic 
elements for controlling a number of electrically con 
nected MOS transistors of the output stage, Wherein the 
second group of control signals are connected to the 
plurality of MOS transistors of the impedance unit, to 
control the output stage and the impedance unit such that 
a sum of impedances of the output stage and the imped 
ance unit is adjusted to compensate an environment fac 
tor of the chip. 

2. The output driver of claim 1, Wherein the impedance of 
the output stage is adjusted by changing an aspect ratio of the 
?rst transistors. 

3. The output driver of claim 2, Wherein the impedance of 
the output stage is adjusted by a feedback control. 

4. The output driver of claim 1, Wherein the output stage 
receives a ?rst voltage corresponding to an amplitude of the 
output signal. 

5. The output driver of claim 4, Wherein When a voltage of 
the output data signal is larger than the ?rst voltage, the ?rst 
transistors operate in a linear region. 

6. The output driver of claim 1, Wherein the impedance unit 
is a transistor resistor matrix, and an equivalent impedance of 
the transistor resistor matrix is adjusted by changing the 
aspect ratio of the transistor resistor matrix. 

7. The output driver of claim 1, Wherein the calibration 
circuit further comprises: 
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6 
a current source, for providing a ?rst current and a second 

current, the ?rst current corresponding to the second 
current; 

a resistor unit, electrically coupled to the current source, 
for receiving the ?rst current to generate a compare 
voltage, and the impedance of the resistor unit corre 
sponding to the impedance of the output stage and the 
impedance of the impedance unit; 

a reference resistor, electrically coupled to the current 
source, for receiving the second current to generate a 
reference voltage; 

a comparator, for comparing the reference voltage With the 
compare voltage, and outputting a compare result; and 

a control circuit, electrically coupled to the comparator, for 
receiving the compare result to generate the ?rst and the 
second control signal. 

8. The output driver of claim 7, Wherein an impedance of 
the resistor unit corresponds to the impedances of the output 
stage and the impedance unit. 

9. The output driver of claim 1, Wherein a supply voltage of 
the output stage is for setting the amplitude of the output 
signal and is loWer than a supply voltage of the output data 
generator. 

10. An output driver, having and output end and for out 
putting an output signal, comprising: 

an output data generator, for generating an output data 
signal; 

an output stage, having a plurality of logic elements and a 
cascade of MOS transistors that are electrically coupled 
to the output data generator, for generating the output 
signal according to the output data signal, and receiving 
a control signal to adjust an impedance of the output 
stage; 

an impedance unit, electrically coupled betWeen the output 
stage and the output end and having a plurality of MOS 
transistors connected in parallel, for receiving the con 
trol signal to adjust an impedance of the impedance unit; 
and 

a calibration circuit, electrically coupled to the output stage 
and the impedance unit, the calibration circuit having 
tWo groups of control signals, Wherein the ?rst group of 
control signals are electrically connected to the logic 
elements for controlling a number of electrically con 
nected MOS transistors of the output stage, Wherein the 
second group of control signals are connected to the 
plurality of MOS transistors of the impedance unit, to 
adjust the impedances of the output stage and the imped 
ance unit; 

Wherein a sum of the impedances of the output stage and 
the impedance unit is adjusted according to the ?rst and 
second group of control signals to achieve a predeter 
mined impedance. 

11. The output driver of claim 10, Wherein an amplitude of 
the output signal becomes smaller, and the change of imped 
ance of the output stage becomes smaller. 

12. The output driver of claim 10, Wherein the plurality of 
MOS transistors of the output stage comprises a plurality of 
?rst transistors and a plurality of second transistors, gates of 
the ?rst transistors receive the output data signal, drains of the 
?rst transistors receive a ?rst voltage, and voltage of the 
output data signal is larger than a the ?rst voltage. 

13. The output driver of claim 12, Wherein When a voltage 
of the output data signal is larger than the ?rst voltage, the ?rst 
transistors operate in a linear region. 
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14. The output driver of claim 10, wherein a supply voltage 
of the output stage is for setting the amplitude of the output 
signal and is lower than a supply voltage of the output data 
generator. 

15. A method for impedance matching, comprising: 
generating tWo groups of control signals by a calibration 

circuit according to a resistance of a reference resistor; 
receiving an output data signal; 
adjusting impedances of an output stage according to the 

?rst group of control signals and an impedance unit 
according to the second group of control signals such 
that the impedances of the output stage and the imped 
ance unit correspond to the resistance of the reference 
resistor, Wherein the ?rst group of control signals control 
a plurality of MOS transistors in the output stage that are 
connected in a cascade arrangement and the second 
group of control signals control a plurality of MOS 
transistors in the impedance unit that are connected in 
parallel; 

5 

8 
generating an output signal according to the output data 

signal by the output stage; and 
outputting the output signal through the impedance unit; 
Wherein a supply voltage of the output stage is for setting 

the amplitude of the output signal and is loWer than a 
supply voltage of the output data generator. 

16. The method of claim 15, Wherein the impedance of the 
output stage is adjusted by changing the aspect ratio of the 
plurality of ?rst transistors. 

17. The method of claim 15, Wherein the output stage 
receives a ?rst voltage, and the ?rst voltage corresponds to an 
amplitude of the output signal. 

18. The method of claim 15, Wherein a sum of impedances 
of the output stage and the impedance unit is adjusted accord 
ing to the control signal to achieve a predetermined imped 
ance. 


